A protective function of superoxide dismutase during respiratory chain activity.
(1) Aerobic incubation of heart muscle submitochondrial particles in phosphate buffer after treatment with NADH causes a progressive and substantial inhibition of the NADH oxidation system. Succinate oxidation remains almost unaffected by NADH treatment. (2) The loss of NADH oxidase activity is due to an inhibition of the respiratory chain-linked NADH dehydrogenase. This inhibition of the enzyme is very similar to that caused by combination of the organic mercurial mersalyl with NADH dehydrogenase. (3) The inhibition of NADH oxidation is largely prevented by compounds that are known to react with superoxide ions (02-.), including superoxide dismutase, cytochrome c, tiron and Mn2+. EDTA also has a protective effect, but a number of other metal chelating agents, and several proteins, including catalase, are without effect. (4) It is concluded that the inhibition of NADH oxidation of NADH oxidation by superoxide ions or by mersalyl is reversible and is therefore not due to the loss of oxidoreduction components from the respiratory chain or to an irreversible change in protein conformation. (6) The function of mitochondrial superxide dismutase is discussed in relation to the key role of NADH dehydrogenase in energy-conserving reactions and the formation of hydrogen peroxide during mitochondrial oxidations.